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were October 1, 1930, to September 30, 1931; October 1, 1931, to 
September 30, 1932; and October 1, 1933, to September 30, 1934. 
In 1930-31 and 1933-34, one cockerel was added to each pen at the 
beginning of the hatching season. Substitutions were made if the 
males showed lack of vigor or if fertility was low. In 1931-32, cock- 
erels were placed in each pen five days before eggs for incubation 
were to be collected and remained during the time the eggs were 
collected. They were then removed and placed in a holding pen 
with access to bluegrass range. ‘The males were rotated among 
the pens. 


The pullets in the pens were treated as follows: 


First pair of pens. Confined to house, sunlight filtered thru 
common window glass. Pen 1. No cod liver oil. Pen 2. Cod liver 
oil, 2 percent of the mash. 


Second pair of pens. Confined to house with wire-screened, 
wire-floored sun porch. Pen 3. No cod liver oil. Pen 42>Goed 
liver oil, 2 percent of the mash. 


Third pair of pens. Housed like the first pair of pens but with 
access to a 50 by 100 feet bluegrass yard. Pen 5. No cod liver 
oil. Pen 6. Cod liver oil, 2 percent of the mash. 


In 1933-34, pens 3 and 4 were not included. 


All pens received an all-mash mixture of ground yellow corn 
650 pounds, wheat bran 100 pounds, wheat middlings 100 pounds, 
meat scrap (50% protein) 75 pounds, dried buttermilk 25 pounds, 
finely ground limestone 20 pounds, steamed bone meal 20 pounds, 
and salt 10 pounds. Water and coarsely ground limestone (ap- 
proximately 99 percent calcium carbonate) were available at all 
times. ‘The calcium content of the mash was 2.15 percent and the 


phosphorus content 1.24 percent, a calcium to phosphorus ratio of 
erica 


In 1930-31 and 1951-32 all eggs laid during the first ten days 
of each month, from November thru June, were collected for 
hatching and were set on the eleventh day of each month. In 1933- 
34, all eggs laid from February | thru April 30 were collected and 
set at weekly intervals. During March and April, 1934, some eges 
from each lot were used for the analysis of calcium and_phos- 


oo 
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phorus content. All eggs of each setting were incubated in one or 
the other of two electric cabinet incubators (Petersime or Buck- 
eye) under the standard conditions of temperature and humidity 
for these incubators. The Petersime incubator was operated at a 
temperature of 99-384° F. with a relative humidity of 58% until 
the eighteenth day. The Buckeye incubator was operated at a 
temperature of 100° F. with the same humidity as in the other 
machine. All eggs of each setting were incubated in the same 
machine. On the eighteenth day of incubation, all eggs were 
candled, the infertiles and dead germs removed and the remain- 
der transferred to the hatching trays of a Smith electric incubator 
operated at a temperature of 99° F. and a relative humidity of 
70 percent. All eggs that failed to hatch (those that appeared in- 
fertile before the candle as well as those containing dead embryos) 
were broken and observed for development. All dead embryos 
were compared with previously standardized embryos to determine 
the age at death. 


The eggs used in the study of the calctum and phosphorus 
content of the embryos were laid during March and April, 1934, 
and were incubated in a Petersime electric incubator at a tem- 
perature of 99-34° F., with a relative humidity of 58 percent, un- 
til the eighteenth day. On the eighteenth day the relative humid- 
ity was increased to 70 percent. At intervals of twenty-four hours 
the embryos from 3 to 7 eggs were removed and compared with 
previously standardized specimens to make sure that they were nor- 
mal in size and appearance for the particular day of incubation. 
They were then freed of all adhering yolk, including that within 
the body cavity, except the chicks on the twenty-first day, which had 
completely drawn the yolk into the body cavity. The liquid on 
the embryos was removed by the use of absorbent paper, the em- 
bryos were transferred to silica dishes, weighed and dried to con- 
stant weight in an electric oven at 100° C. The dry embryos were 
burned to a white ash, which was dissolved in hydrochloric acid 
and the solution diluted to a definite volume with distilled water. 
Calcium and phosphorus were determined in separate aliquots, 
each determination being made in duplicate. Calcium was deter- 
mined by the McCrudden volumetric method (5) and phosphorus 
by the method of Fiske and Subbarow (6). 
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PART 1. EFFECT OF COD LIVER OIL ON EMBRYO MORTALITY 


Riddle (7) pointed out that, “altho the bird embryo has long 
been an object of special biological interest as well as of much 
commercial importance, only a single study has hitherto been made 
of the age distribution of mortality thruout the period of embry- 
onic life.” The study to which he referred was that of Payne (8) 
who found that in the chicken embryo there are two distinct per- 
iods of high mortality, the first on the fourth day and the second 
on the nineteenth day of incubation. The observations of Riddle 
(7) on the distribution of mortality for three other avian species, 
wild doves, ringdoves and common pigeons, are in close agreement 
with those of Payne, since the peaks of mortality occur at the 
same relative periods of incubation. Riddle suggested that part ol 
the abnormally high mortality during the early stage is due to 
failure in respiratory adjustment and that of the later stage to 
inadequate water supply. 

Byerly (9) in a study of his data and those of Payne (8), sug- 
gests several possible causes of mortality and reports that the first 
peak of mortality in the embryos studied in his laboratory oc- 
curred on the third day and that there were qther peaks on the 
seventh and tenth days of incubation. Byerly, Titus and Ellis (10) 
found that the peak of mortality during the second week of in- 
cubation was especially pronounced when the hens received a diet 
containing only vegetable feedstuffs as contrasted with diets con- 
taining animal protein concentrates. ‘The same authors (11) re- 
ported that, “vacum dried North Atlantic fish meal, steam-dried 
crab meal, buttermilk, a combination of buttermilk, North At- 
lantic fish meal and meat meal, and free range were found to en- 
able the production of eggs capable of supporting embryonic life 
thru the second week of incubation in normal fashion. Diets con- 
sisting of certain cereal products supplemented with alfalfa leaf 
meal, mineral and cod liver oil caused the production of eggs the 
embryos in which showed a significantly greater mortality during 
the second week of incubation than the embryos in eggs from 
birds on a diet supplemented with certain protein concentrates of 
animal origin.” 


Smith (12) reported that a diet showing a very low efficiency, 
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as related to hatchability, during the winter months may be a 
satisfactory diet for the summer months, because of the action of 
direct sunshine, and that the amount and quality of sunshine has 
a very great effect on the first- and second-week peaks in the mor- 
tality curve. He found also that lack of vitamin D or an over- 
dosage may produce excessive first- and second-week mortality. 

Smith (13) found that as the season progressed, the number of 
anaemic embryos decreased until they disappeared entirely in 
July. The blood of these embryos was found to contain only a 
small amount of hemoglobin. A definite relationship was also 
found between the amount of sunshine received by the hens and 
hatchability. Embryo mortality was distinctly lower during the 
summer than during the winter. ‘Phe mid-incubation peak of 
mortality largely disappeared after June, with an accompanying 
decrease in oedemic, ectopic and chondrodystropic embryos. He 
concluded that this points strongly toward lack of sunshine as one 
of the causal agents in the production of these types of abnormal- 
ities: 


RESULTS AND DISCUSSION 


The effect of cod liver oil in the diet, on total embryo mor- 
tality, under different conditions, is shown in ‘Table 1. Cod liver 
oil in the mash of pullets confined to the house and receiving sun- 
shine only thru ordinary window glass decreased embryo mortality 
ee/epetcentwot.s percent and /0.2 percent in the. seasons of 1930- 
31, 1931-32 and 1933-34, respectively. ‘The embryo mortality in 
the absence of cod liver oil was unusually high; 64.5 percent in 
1930-51,.42.8 percent in 1931-32 and 50.0 percent in 1933-34. 

Cod liver oil added to the mash of pullets confined to the 
house and wire-screened, wire-floored sun porch decreased total 
embryo mortality 19.6 percent in the season of 1930-31 and 4.3 per- 
cent in the season of 1931-32. 

When pullets were given access to a bluegrass yard, the addition 
of cod liver oil to the mash decreased total embryo mortality in only 
one season, 1933-34. In the other two seasons mortality was in- 
creased 57.7 percent and 14.2 percent, respectively. Total embryo 
mortality was lowest in the pens which were allowed access to a 
bluegrass yard, except in 1930-31. 


Mat 


70 Kentucky Bulletin No. 363 


TABLE 1. Total Embryo Mortality, Percent, and Number of 
Fertile Eggs Set 


Mortality, percent Increase (-—|-) 


or Number of 
Decrease (—) fertile eggs 

Treatment Season Noc.l.o. 2% c.l.o. Percent Noc.l.o. 2% c.l.o. 
Confined to house, 1930-31 64.5 58.9 —8.7 293 700 
sunshine filtered thru 1931-32 42.8 28.1 -34.3 201 531 
Window glass 1933-34 50.0 14.9 ~70.2 314 690 


Confined to house with 1930-31 43.9 35.3 -19.6 716 875 
wire-screened, wire- 1931-32 30.5 29.2 —4.3 321 325 
floored sun porch. 


Housed like the first 1930-31 23.9 31.0 —|-oT.7 930s 
pair, but with access 1931-32 2 el 24.1 —-|-14.2 697 548 
to a bluegrass yard 1933-34 PAT 9.3 —26.8 125 734 


As mentioned before, vitamin D is concerned in the assimila- 
tion of the bone-forming elements, calcium and phosphorus. ‘his 
ingredient of the diet, as contained in cod liver oil or as obtained 
by exposure to sunshine, should have most effect in decreasing 
mortality of the embryo during the final week of incubation, since 
calcium and phosphorus assimilation is most rapid during this 
time. This is borne out by the fact (table 2) that cod liver oil 
gave no consistent resuits during the first two weeks of incubation. 
In some instances there was an increase of mortality and in others 
a decrease during these periods. Cod liver oil had no consistent 
cflect_ on mortality the first week either when the pullets were 
confined to the house, with or without direct sunshine, or when 
they were allowed bluegrass range. During the second week of 
incubation there was a decrease in embryo mortality when cod 
liver oil was given to pullets confined without direct sunshine, 
and an increase when it was given to confined pullets receiving 
direct sunshine or to those allowed access to a bluegrass yard with 
its accompanying direct sunshine. 


In all three seasons, under all conditions of the experiment, 
cod liver oil decreased embryo mortality during the third week 
of incubation. ‘This decrease was especially pronounced when the 
pullets were confined to the house. Access to a bluegrass yard with 
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its accompanying direct sunshine decreased mortality more than 
direct sunshine alone, when the confined pens are considered as the 


control. 
TABLE 2. Distribution of Embryo Mortality, Percent 
First Week Second Week Third Week 
Treatment Season Noc.l.o. 2% c.l.o. Noc.l.o. 2% ¢.l.o. Noc.l.o. 2% c.l.o. 


Confined to house, 1930-31 9.6 15.0 8.2 8.0 46.8 35.9 
sunshine filtered 1931-32 15.4 12.6 6.0 4.7 21.4 LOR, 
thru window glass 1933-34 9.2 3.8 4.1 OT 36.6 10.4 


Confined to house —_1930-31 Oo mnnio OMCs Gime CG cemencO oe) 17 1ne 
with wire-screened, 1931-32 ial 14.2 1.9 Sad IN (45s 11.4 
wire-floored sun porch 


Housed like the first 1930-31 6.7 23.4 1.0 2.9 16.2 11.4 
pair, but with access 1931-32 10.6 13.0 iL 2.4 9.2 8.8 
to a bluegrass yard 1933-34 6.8 On 0.6 ell 5.4 4.5 


To determine the significance of the differences in embryo 
mortality, the method given by Snedecor (14) for the analysis of 
variance was used. ‘The results are summarized in Table 3. The 
mean square within the pen within the week is nearly the same 
for each of the three years, indicating a rather constant source of 
uncontrolled variation (experimental error). 


In all three years, the mean square between the pens is highly 
significant. “The variance between pens within the week is highly 
significant in the 1930-31 and 1933-34 seasons, but is just signifi- 
cant in the 1931-32 season (eliminating the variation from week 
to week). This shows that the treatment to which the hens were 
subjected, significantly influenced embryo mertality. The var- 
iance in embryo mortality between the weeks is highly significant, 
likewise the mean square between weeks within the pen is highly 


significant (eliminating influence of treatment). ‘Phe magnitude of 


the sum of squares between the weeks is much greater than that 
between the weeks within the pen. ‘This indicates that the treat- 
ments to which the hens were subjected did not influence embryo 
mortality equally in all three weeks. ‘That such was the case is 
shown in Figure 1. 


= 
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TABLE 3. Analysis of Variance of Chick-Embryo Mortality 


Sum of Mean 
Source of Variation DYE Squares Square F 
1930-31 
Tota lipencndetecctctets Cate eteepaiene aor pitenete ler 25,300. 185. 
Between Pen-Week Groups ...... 17 19,107. 1,124.** 222 
Between Pens se -rmoe ws tierce ets 5 2,971. 594.** inl 
Between: WeeKS) oaecieniciss ere 2 10,285. 5 43 ie 101.6 
Between Pens Within Week ..... 15 8,822. 588.** 11.6 
Between Weeks Within Pen ..... 12 16,137. 340555 26.6 
Within Pen Within Week ....... 120 6,193. By. 
1931-32 
COG SW a cmt lorcin eer aie amet 143 9,732. 68. 
Between Pen-Week Groups ..... il 4,242. OAR Oe Onl 
ISCUWEENSPENS) erik. . oa tee eee 5) 823. 1655 3.8 
Between Weeks ......:.20.0c.00- v 2,927. 1,463.** 33.6 
Between Pens Within Week ..... 15 iletilsy, 88.* 2.0 
Between Weeks Within Pen ..... 12 3,419. Ahalay 6.5 
Within Pen Within Week ....... 126 5,490. 44. 
1933-34 
COUGAR urea ans wave tare Nene teem re 143 18,293. 128. 
Between Pen-Week Groups ..... 35 1174 Pil 349.** 7.6 
Between m pens cues ar cnr es 5 4,666. 933. 20.3 
Between Weeks .......... ...... 2 3,939. 1,970.** 42.9 
Between Pens Within Weeks .... 9 8,292. a 20.1 
Between Weeks Within Pen ..... 8 7,565. 946.* 20.6 
Within Pen Within Week ....... 132 6,061. 46. 


* Significant 
** Highly Significant 
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PART 2. EFFECT OF COD LIVER OIL ON THE CALCIUM AND 
PHOSPHORUS CONTENT OF THE EMBRYO 


A study of the literature on the growth of the chick embryo 
reveals that the deposition of calcium in the embryo is greatest 
during the last few days of incubation. An extensive review of 
this phase of embryonic life is given by Needham (15). ‘Phe ob- 
servations of Hart, Scott, Kline and Halpin (16) are of special im- 
portance. ‘They found a gradual transfer of calcium from the shell 
to the growing embryo and a marked shift in the ratio of calcium 
to phosphorus as incubation proceeds. 

With an initial Ca:P ratio of 1:2.77 and an almost constant 
percentage of phosphorus in the dried contents of the egg, the 
ratio on the twentieth day of incubation was 1:0.78, with an 
increase of calcium from 0.27 percent to 1.14 percent. 

Buckner, Martin and Peter (17) found that the quantity and 
percentage of phosphorus were approximately the same in strong 
and in weak chicks but that the quantity and percentage of cal- 
cium were less in weak than in strong chicks. 

Hart and coworkers (18) reported that the calcium content of 
chicks from eggs produced by irradiated hens was appreciably great- 
er than that of chicks from eggs of non-irradiated hens. Unfortun- 
ately these workers failed to make a simultaneous study of embryo 
mortality under these conditions. 


RESULTS AND DISCUSSION 

Since it seems that vitamin D is directly concerned with the 
assimilation of bone-forming elements, notably calcium and phos- 
phorus, during the final week of incubation, a study of these con- 
stituents should lead to a better understanding of the role played 
by this vitamin in avian embryonic life. ‘he data on the calcium 
content of the chick embryo as affected by the various treatments 
to which their dams were subjected are presented in ‘Tables 4, 5 
and 6, and figures 2 and 3. The total calcium content of the fil- 
teenth to the twenty-first day embryos from the pullets which were 
confined without cod liver oil is consistently lower than that of 
the embryos from those which were confined but received two per- 
cent cod liver oil in the mash. These differences are apparent 
when the calcium is calculated as percentage of the dry embryo 
or as percentage of egg weight. (he number of embryos analyzed, 
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the average egg weight and average weight of oven dried embryo 
are given in ‘Table 8). 


TABLE 4. Calcium and Phosphorus In the Oven Dried Embryo 


Calcium, percent, Phosphorus, percent 


Day of 
Treatment Incubation No c.l.o.* 2% ¢.1.0. No c.l.o. 2Gor Cle 0% 
Confined to house, Ns) 0.79 0.94 Hoi 1.54 
sunshine filtered 16 0.82 0.97 1.14 1.20 
thru window glass ly 0.93 1.20 1.13 1.25 
18 il -alal 1.41 itil 1.29 
19 1.18 1.44 1.16 134 
20 1.37 155 1.28 1.38 
21 1.07 1.34 0.96 1.01 
Housed like the 15 0.85 0.78 1.39 1.20 
other pair, but with 16 0.92 0.89 il al) 1.14 
access to a bluegrass 17 1.07 1.10 121 1.24 
yard 18 1.28 1.35 1.23 1.30 } 
19 1.52 1.50 1-33 1.29 
20 15 ZF 1.59 Si 1.32 


21 1.30 1.39 1.03 1.03 


* c. 1. o.—cod liver oil. 


TABLE 5. Calcium and Phosphorus in the Embryo, as Percentage 
of the Egg Weight 


Calcium, percent, Phosphorus, percent 


Day of 
Treatment Incubation Noc.l.o.* 2% ¢.l.o. No c.l.o. 2% ¢.1.0. 

Confined to 15 .002 .003 .004 .004 
house, sunshine 16 .003 .005 .005 .006 
filtered thru 17 .006 .007 007 .008 
window glass 18 .008 O11 .008 .010 
19 .010 .013 .010 .012 
20 .013 015 .012 .013 
21 .019 .024 017 .018 
Housed like the ils 002 .003 .004 .005 
other pair, but 16 .004 .005 .006 .006 
with access to a 17 007 .007 .008 .008 
bluegrass yard 18 .010 .009 .010 .008 
19 .013 .014 011 .012 
20 .016 .016 .014 .013 


21 023 .025 018 018 


* c. 1. o.—cod liver oil. 
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TABLE 6. Average Weight of Calcium and Phosphorus Per Embryo 


Calcium, grams, Phosphorus, grams 


Day of - 

Treatment Incubation No c.l.o.* 2% ¢.1.0. No ¢.l.o. 2% ©.1.0. 
Confined to house, 15 015 .014 .025 023 
sunshine filtered 16 .020 .025 028 031 
thru window glass 17 033 041 .040 .043 

18 043 .058 043 053 
19 .054 .069 .053 .063 
20 075 .082' 070 .073 
21 107 BSS .096 .100 
Housed like the 15 .014 015 023 023 
other pair, but 16 .025 025 .032 .032 
with access to a ally .040 .039 045 044 
bluegrass yard 18 057 054 .055 052 
19 072 074 .063 064 
20 094 .090 081 075 


21 134 .130 .106 097 


* c. 1. o.—cod liver oil. 


It should be noted, also, that the calcium content of the em- 
bryos from the group which had bluegrass range was higher on 
the nineteenth and twentieth days of incubation than that of the 
cmbryos from the confined group. Differences are not so apparent 
on the twenty-first day of incubation, but the embryos from the 
two pens that had bluegrass range and the confined pen which 
received cod liver oil contained a decidely larger quantity of cal- 
cium than the embryos from the confined pen without vitamin D 
supplement. When considered as percentage of the dry embryo 
or of the egg weight, the same relationship exists between the con- 
fmed pen with no supplement and the other three pens. “There 
is not a very apparent difference between the latter three pens on 
the nineteenth and twentieth days. 

‘The phosphorus content of the embryos is shown in ‘Lables 4, 
5 and 6, and Figures 2 and 3. ‘These results present essentially the 
same picture as do those for the calcium content of the embryos. 
‘The embryos from eggs of the pullets which were confined with- 
eut cod liver oil contain appreciably less phosphorus than those 
from the confined pullets receiving cod liver oil, or from pullets 
allowed bluegrass range either with or without the addition of 
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cod liver oil. Again, the differences are most noticeable on the 
eighteenth and nineteenth days of incubation. As pointed out 
before, these differences may be directly associated with the peak 
of embryo mortality which occurs on the nineteenth day of in- 
cubation. It would seem that any interference with the normal 
metabolism of calcium and phosphorus might lead, thru weakness 
in the bone-forming ability of the embryo, to an increase in the 


: PHOSPHORUS 
06 6/7 
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Fig. 2. Total ash, calcium, and phosphorus as percent of the dry embryo, and ratio 
of calcium to phosphorus. 


final peak of mortality which occurs on the nineteenth day of in- 
cubation. 

Differences in the phosphorus content of the embryos are also 
noticeable when the phosphorus is expressed as percentage of the 
dry embryo or of egg weight. Again, the greatest differences be- 


~I 
~I 
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tween the confined pen without cod liver oil and the other three 
groups occur on the eighteenth, nineteenth and twentieth days, 
which is, as mentioned above, a decidedly critical period in embry- 
enic life. Calcium and phosphorus analyses on a smaller number 
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Fig. 3. Dry embryo, total ash, calcium, and phosphorus as percentage of egg weight. 


of embryos from the same pens during the 1931-32 season are in 
accord with those recorded here. 

Calcium and phosphorus content of the embryos at hatching 
: time was consistently smaller when there was no vitamin D_ sup- 
| plement in the diet of the pullets that produced the eggs. In ad- 
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dition to possible weakness in skeletal formation, chicks from eggs 
produced by hens under these conditions may be so weakened in 
other respects that mortality may be especially high during the 
first few weeks after hatching. Unpublished data at this Station 
show that when these chicks are grown, either in confinement or 
with range and with the addition of cod liver oil to their mash, 
they manifest an abnormally high mortality. 

Buckner, Martin and Peter (17), using eggs produced by hens 
receiving a normal ration, found that the quantity and the percent- 
age of calcium were less in weak than in strong chicks, while the 
phosphorus content was approximately the same in both. In the 
present experiment, however, the lack of a sufficient quantity of 
vitamin D tended to reduce the quantity of both bone-forming 
elements in the embryo. 

It is evident from the data presented in Table 7 and Figures 
2 and 3, that the total ash content of the sixteenth to twentieth 
day embryos from the hens which were confined without cod liver 
oil is smaller than that of the embryos from hens which were con- 
fined but which received two percent of cod liver oil in the mash. 


TABLE 7%. Ash in the Embryo 


As Percentage of As Percentage of } 


Dry Embryo Egg Weight | 
Day of — | 
Treatment Incubation Noic.0n" 2% ¢.1.0. No c.l.o. 29% C.l.o. i 
= . | 
Confined to house, 15 8.59 9.93 0.266 0.274 
sunshine filtered 16 7.63 1.95 0.316 0.378 
thru window glass ib eas 7.81 0.473 0.484 
18 7.89 8.18 0.539 0.625 
19 7.16 7.94 0.593 0.708 
20 8.15 8.58 0.792 0.836 
21 5.87 5.80 1.067 1.049 
Housed like the 15 8.97 8.28 0.260 0.322 | 
other pair, but 16 7.95 7.44 0.382 0.381 i | 
with access to a 17 7.56 Tae 0.481 0.495 
bluegrass yard 18 7.76 8.47 0.616 0.552 | 
19 8.32 8.38 0.698 0.761 | 
20 8.03 8.34 0.860 0.825 


21 6.27 6.62 


1.123 183 


* c. 1. o.—cod liver oil, 
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These differences in ash content are likewise apparent when ex- 
pressed as percentage of the dry embryo or of the weight of the 
ege. The smaller ash content of the embryos from the eggs pro- 
duced by the confined hens receiving no cod liver oil is particularly 
noticeable on the eighteenth and nineteenth days. ‘Phe values 
of the eighteenth day are 0.306 grams of ash for the embryos from 
the confined pen with no cod liver oil and 0.336 for the confined 
pen with two percent cod liver oil. For the nineteenth day the ash 
content is 0.328 for the first group and 0.381 for the second group. 
Ii is interesting, and perhaps significant, that there is a peak of 
mortality on the nineteenth day of incubation. 

‘There is no great difference between the ash content of the em- 
bryos from the pens which were allowed bluegrass range, either 
with or without cod liver oil, or between the ash content of the 
embryos from either of these two groups and that of the embryos 
from the pullets confined with two percent of cod liver oil in the 
mash. 

The apparently rapid increase in the ash content of the em- 
bryos from the twentieth to the twenty-first day, when considered as 
percentage of egg weight, is due to the fact that the yolk was not 
removed from the body cavity on the twenty-first day, since it had 
already been drawn into the body and the opening healed. 


TABLE 8. Average Egg Weight, Number of Embryos Analyzed and Average 
Oven-Dry Weight of Embryos—1933-34 


Average 
weight of eggs, grams. No. of embryos analyzed. Embryo dry weight, grams. 
Day Bluegrass Bluegrass Bluegrass 
of Confined range Confined range Confined range 
Incu- - -- 
ba- No. 2% No. 2% No. 2% No. 2% No. 2% No. 2% 
tion Gali Cleo Gio, Cile, Calo. eile, Gilter ceil). Gok, eako- (olxoy, Conley: 


POURS VAS Be. Go melo 2 
2.45 2.58 2.73 2.81 
3.54 3.43 3.73 3.55 


15 61.6 54.0 56.9 49.4 5 
i 
7 
6 3.88 4.11 446 3.99 
6 
6 
3 


16 59.1 54.3 56.8 54.8 
17 54.1 55.4 58.6 55.6 
18 56.8 53.8 56.2 61.2 
19 55.3 53.8 56.6 54.5 
20 56.3 54.4 57.8 57.3 
21 55.1 54.8 57.7 52.5 


4.58 4.80 4.75 4.95 
5.47 5.30 6.19 5.67 
10:02) 9.92) 10:33 9.38 


iS Ot Sl Ss) Sl ey Si 
I (SC fey Cn Si Sle 


CLPODAIATH 


* c. 1. o—Cod Liver Oil. 
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SUMMARY 


A study was made of the influence of cod liver oil in the ration 
of White Leghorn pullets on embryo mortality under three sets 
of conditions: (1) confined to the house, lighted thru ordinary 
window glass, (2) confined to the house, but allowed direct sun- 
shine, and (3) allowed bluegrass range. The influence of cod 
liver oil on the calcium and phosphorus content of the embryo 
under the first and third set of conditions, was also studied. 


Pullets confined without vitamin D supplement produced eggs 
showing a very high embryo mortality during the third week 
of incubation. Exposure of the pullets to sunshine or allowing 
them bluegrass range very markedly reduced the embryo mortality 
during this period. Bluegrass range was more effective than sun- 
shine alone. ‘The addition of cod liver oil to the mash of pullets 
under these three sets of conditions decreased embryo mortality 
during the third week. The decrease was most marked in the con- 
fined pen, less in the sunshine pen and only a very slight decrease in 
the bluegrass range pen. 


‘The calcium and phosphorus content of the embryos from the 
pen which was confined without antirachitic treatment was con- 
sistently less after the sixteenth day than that of the embryos from 
the other pens. ‘This difference is apparent when the calcium and 


fete) 
of the dry embryo. It is perhaps significant that the greatest dif- 


phosphorus is calculated as percentage of the egg or as percentage 


ference in calcium and phosphorus content between the embryos 
from the pen which was confined without antirachitic treatment 
and that of the embryos from the other three pens, occurred on 
the eighteenth and nineteenth day of the incubation period which 
coincides with the peak of embryo mortality during the Iast week 
of incubation. 
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